Identifi cation of the etiologic agent responsible for sinus fungal ball (SFB) is rarely obtained due to either the culture of patient specimens not being ordered or if cultures were inoculated they proved to be negative. Obviously, this has a signifi cant impact on the design of appropriate therapeutic strategies. We investigated whether paraffi nembedded (PE) tissues, the only materials often available, were suitable for the correct identifi cation of the responsible fungi. We obtained PE tissues of SFB from 16 different patients who had risk factors for invasive fungal infections. DNA was extracted using an automated extractor and the internal transcribed spacer (ITS) sequenced following amplifi cation with two sets of primers designed to amplify Ͼ 300 bp fragments. This was attempted in parallel with a real-time quantitative PCR assay targeting Aspergillus spp. mitochondrial DNA designed to amplify Ͻ 150 bp fragments. ITS sequencing succeeded in appropriately identifying the etiologic agents in 10 of the 16 samples (nine Aspergillus fumigatus , one Lewia spp.). In contrast, the Ͻ 150 bp PCR assay amplifi ed all specimens correctly except the one involving Lewia spp. If fungal identifi cation is warranted to understand the pathophysiology of SFB and guide clinicians, we cannot rely only on ITS sequencing of the DNA obtained from PE tissues. The main reason is probably due to the fact that formalin prevents amplifi cation of long DNA fragments and consequently, frozen or fresh tissues should be employed.
Introduction
Sinonasal fungal infections are separated into invasive and non-invasive forms [1, 2] . The non-invasive form is represented by the sinus fungus ball (SFB), defi ned as an intrasinusal accumulation of fungal material. Whereas curative treatment is based on surgical removal of fungal present study was to evaluate the use of a standardized DNA extraction followed by molecular identifi cation of the species based on internal transcribed spacer (ITS) sequencing in PE tissues. In parallel, we explored a previously employed quantitative PCR (qPCR) assay amplifying short DNA fragments which had been used in the diagnosis of invasive aspergillosis [4] .
Materials and methods
One hundred and eighty-one patients had surgical treatment for SFB between 1997 and 2007 in our hospital. We identifi ed 16 patients with available PE tissues and with risk factors for invasive fungal infections (hematological malignancies, diabetes, long-term high dose steroid therapy, kidney transplantation, and solid cancer). Tissue sections were stained with Gomori-methenamine-silver nitrate or periodic acid Schiff. Portions of tissue obtained at the time of SFB removal were ground and inoculated onto Sabouraud dextrose agar medium slants containing antibiotics and kept for 21 days at 30 ° C. Species identification was based on the phenotypic characteristics of each isolate.
Sections were cut from PE tissue specimens with a microtome and fi ve 10 μ m thick sections were suspended in 190 μ l of lysis buffer (ATL Buffer, Qiagen, Courtaboeuf, France). DNA extraction was performed with EZ1 DNA Tissue kit (Qiagen) on a BioRobot EZ1 (Qiagen) according to the EZ1 DNA PRFN card procedure with DNA eluted in 50 μ l aliquots. Quantifi cation of nucleic acids was performed using a spectrophotometer (Nanodrop ND 1000). The LightCycler qPCR assay targeting the mitochondrial DNA from Aspergillus spp. was performed as previously reported [4] . Results were expressed as the mean crossing point (Cp) of the duplicate samples tested for each specimen. We found that the lower the Cp, the higher the concentration of the target DNA. One positive ( Aspergillus fumigatus DNA) and one negative (mix without DNA) controls were included in each run. An internal control prepared from mouse DNA was systematically added to each sample to check for PCR inhibitors [5] . A serial dilution of DNA obtained from an A. fumigatus (strain CBS 133.61) culture was tested in parallel to quantify the difference with the DNA samples obtained from PE tissues. Correlation between DNA concentration and mitochondrial qPCR Cp was analyzed by the Spearman rank correlation test.
Species identifi cation was performed after amplifi cation with ITS1, ITS2, ITS3 and ITS4 primers [6] . PCR products were checked in 8% polyacrylamide gel. Sequencing reactions were prepared with 5 μ l of amplifi cation products using the ABI PRISM BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Courtaboeuf, France) and analyzed on an ABI PRISM 3130xl Genetic Analyser (Applied Biosystems). Both strands of the PCR products were sequenced, but when sequencing failed, two additional different DNA extractions were performed with the starting material. Sequence similarities were assessed by a search for homology with GenBank sequences by using the BLAST search program.
Results
Microscopic examination of the tissue sections showed thin, regular and parallel dense hyphae with septa which would exclude zygomycetes. Cultures were initiated from 12 samples but nine of them were negative ( Table 1 ). The DNA extraction yield was variable, from 1.2 -10.3 ng/ μ l (mean 3.9 Ϯ 2.5 ng/ μ l). No PCR inhibitor was identifi ed since the Cp obtained from the internal control was similar for each sample (Table 1 ) and for the internal control itself (Cp ϭ 34.3). There was no trend to lower PCR yields with the oldest samples. Six samples with 260/280 ratios out of the recommended range were correctly amplifi ed but one sample within the recommended range failed (Table 1) .
After amplifi cation with ITS primers and before sequencing, the PCR products were checked in polyacrylamide gel. When the band of interest was not visible, sequencing also failed, indicating that amplifi cation and not sequencing was responsible for this negative result. Two new DNA extractions did not result in correct amplifi cation. Overall, ITS1 -ITS2 or ITS3 -ITS4 sequencing yielded A. fumigatus for nine of the 16 samples of which only two were positive in culture (Table 1) . Sequencing of both ITS loci was successful for only one sample (Sample 7, Table 1 ). For the unique mitochondrial qPCR negative sample, identifi cation using ITS sequencing indicated Lewia spp.
Fifteen specimens were positive with the mitochondrial qPCR assay. The standard curve obtained by plotting the Cp against the input DNA concentration in ng/ μ l, with the latter plotted on a common log scale, showed a signifi cant negative correlation ( p ϭ 0.002), i.e., as expected, there was a tendency to have a lower Cp when the amount of DNA was higher (Fig. 1) . However, when comparing with 10-fold serial dilutions of DNA extracted from a culture of A. fumigatus , the Cps were higher by a 10 -12-fold factor for the same DNA concentration. As a difference in three Cps corresponded to a 10-fold dilution, these results showed at least 10 3 copies of the target DNA were missing in the DNA extracted from PE tissues compared with the culture DNA (Fig. 1) .
Discussion
Since cultures are reported negative in around 40 -50% of fungus ball cases [3] , as was the situation in the present tion of our internal control excludes this possibility. Hata et al . reported a 41% failure rate despite the correct amplifi cation of an internal control made from a plasmid [10] , which supports the present data. In a recent quality control study among laboratories, negative PCR results were obtained for 73% and 7% of the samples with one or 30 slide cuts, respectively [12] . To know whether these failure rates are due to DNA quality or to PCR inhibitors requires the addition of an internal control as further quality controls. The internal amplifi cation control cannot be made of human DNA, since the variable amount of human DNA in the specimen precludes the use of quantifi cation to ascertain the yield of amplifi cation. An inadequate 260/280 ratio does not seem responsible for erroneous ITS amplifi cation. Furthermore, this automated DNA extraction protocol is more amenable to standardization than in-house methods.
The low amplifi cation yield seems to be the consequence of the loss in DNA fragments long enough to allow amplifi cation. Indeed, ITS sequencing requires DNA fragments Ͼ 300 bp. When amplifying shorter ( Ͻ 150 bp) fragments with the qPCR assay targeting the mitochondrial DNA, we obtained a positive signal. However, the loss in DNA recovered from PE tissues when compared with DNA extracted from fungal culture was estimated to be Ն 1000-fold. Therefore, since the amount of short DNA fragments will probably increase more than long DNA fragments, processing more PE tissue cuts is probably not the correct answer. Indeed, ITS sequencing of some samples harboring the highest DNA content failed. Moreover, the number of cuts for DNA extraction should be limited when using study (75%), PE tissues are often the only specimens available for DNA extraction and PCR analysis. Sequencing with universal primers is thus tempting to preserve the chances of identifying all potential causative fungal species [7, 8] . However, ITS sequencing failed in 37% of our samples which is in keeping with similar failure rates of from 36 -49% that have been reported with PE tissues [7 -10] .
The primary explanation for these results might be the presence of PCR inhibitors [11] but the correct amplifi ca- commercial kits to avoid saturating the capacity of the kit to eliminate paraffi n and solvents. The mitochondrial qPCR results suggested that Aspergillus spp. are the main species in the Paris area. However, among the 10 specimens for which a species identifi cation was obtained, we found Lewia spp., a possible anamorph of Alternaria infectoria [13] . This fungus is known to have a decreased susceptibility to voriconazole, which is commonly prescribed in this setting. Additionally, new species of Aspergillus inside the Fumigati section with different susceptibilities to azoles have also been described [14] . If identifi cation at the species level must be achieved, other loci, mainly single copy in contrast to rDNA, should be investigated [14] but this requires better DNA quality.
In conclusion, due to the DNA degradation in PE tissues, presumptive identifi cation can be obtained with amplifi cation of short and multicopy gene targets. However, fresh or frozen tissues are preferred in order to offer a better chance of correct identifi cation and therefore to allow adequate antifungal treatments and epidemiological studies.
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